The phase behavior of cholesteryl esters in intracellular inclusions.
Differential scanning calorimetry and polarizing light microscopy have been used to investigate kinetic and thermodynamic properties of the phase behavior of cholesteryl ester contained in Fu5AH rat hepatoma cells and J774 murine macrophages. These cultured cells store cholesteryl esters as cytoplasmic inclusions of approximately 1-micron diameter and thus are models of the foam cells characteristic of atherosclerotic plaque. Simple binary mixtures of cholesteryl palmitate and cholesteryl oleate, the predominant cholesteryl esters in cellular inclusions in both cell types serve as models to explain important aspects of the phase behavior of these inclusions. Although inclusions should exist as stable crystals at 37 degrees C under conditions of thermodynamic equilibrium, microscopic examination of cells indicates that inclusions exist as metastable liquid crystals at 37 degrees C for extended periods of time. Using an analytical model based on nucleation theory, we predict that the cholesteryl ester inclusions should be liquid-crystalline in the cytoplasm of living cells. This may not be true either for lysosomal cholesteryl ester or for extracellular cholesteryl ester present in advanced atherosclerotic plaque where fusion of droplets can enhance the possibility of crystallization. The enhanced metastability of the relatively fluid liquid-crystalline state in cellular inclusions should result in increased activity of the neutral cholesteryl ester hydrolase in living cells.